I report on the implementation of the surface brightness (SB) technique aimed at deriving reliable Cepheid angular diameters at optical wavelengths and then Baade-Wesselink (BW) distances using spectroscopic linear radii. The technique is applied to calibrate the Galactic distance scale and the distance to the Large Magellanic Cloud (LMC) based on this Galactic calibration. The LMC distance benefits from the large number of Cepheids with high-precision photometry and reddening data available by the Optical Gravitational Lensing Experiment of Udalski et al. and from improvements and refinements, including (i) a least-squares (LS) fitting approach to the individual distances to recover the distance modulus unbiased by the period distribution of target Cepheids and (ii) a better understanding of the metallicity effects on the period-luminosity relations and SB scales. The resulting true distance modulus of the LMC is μ O (LMC) = [18.559 ± 0.003 (random) ± 0.026 (systematic)] mag.
I N T RO D U C T I O N
The distance to the Large Magellanic Cloud (LMC) plays a key role in the establishment of the cosmic distance scale, since it allows us to compare and thus cross-calibrate a variety of distance indicators, and then to confidently undertake extension to the more distant galaxies. The distance to the LMC notably lies at the heart of several Hubble Space Telescope (HST) programmes which have determined the Hubble constant H 0 with a final accuracy of ∼10 per cent . The formal statistical errors contributing to this overall uncertainty are quoted to be significantly less than 10 per cent, whereas the dominant contribution comes from systematics in the LMC distance itself, whose uncertainty represents one of the largest components still limiting the accuracy of the Hubble constant H 0 . These systematic errors will be likely reduced the LMC PL relations and a fiducial LMC distance modulus independent of Cepheids Sandage et al. 2006) , leaving the problem of a Cepheid-based distance determination for the most relevant galaxy LMC still unsolved. Also, the crucial issue if these calibrated PL relations behave as universal ones, that is if they can be applied to achieve unbiased distances to all Cepheid host galaxies of different metallicities, has not yet received a clear answer from an empirical point of view.
Instead of using individual PL relations as distance indicators, Cepheid-based distances can be determined by means of a reddening-free Wesenheit function W (Madore 1982) , which is intrinsically tighter than the PL relations and, at least in principle, permits analysis without the complicating effects of extinction. All the HST Cepheid distances to parent galaxies were obtained by a Wesenheit function resulting from a linear combination of the optical PL V and PL I relations (or the corresponding distance moduli) calibrated by LMC Cepheids. In spite of observational advantages, the function W is not universal, since its slope remains much shallower in the LMC than in the Galaxy , still preventing a meaningful determination of the Cepheid distance to the LMC based on a Galactic calibration. Obviously, the metallicity is suspected to be mainly responsible for the change of the slope. Since the average metallicity of the HST target galaxies is closer to the standard solar value rather than to the LMC , the use of a LMC Wesenheit slope probably affects the Cepheid-based distances of most of parent galaxies by unexpected systematic errors which, ultimately, translate into the determination of the Hubble constant.
At present, the geometric Baade-Wesselink (BW) method seems to be the most promising approach to tackle the problem of an indirect determination of the LMC distance for several reasons. First, it is closely related to the physical properties of Cepheids requiring the determination of their linear and angular sizes. Secondly, the modern application of the near-infrared (near-IR) surface brightness (SB) technique has recently predicted angular diameters of Galactic Cepheids in very close agreement with fundamental measurements from interferometric and spectroscopic techniques (Di Benedetto 2005, hereafter Paper I) . Thirdly, accurate and reliable reddening corrections can be applied to the BW photometric component determining the Cepheid angular size, since individual reddenings of LMC Cepheids can be obtained by the Optical Gravitational Lensing Experiment (OGLE) map (Udalski et al. 1999) . Therefore, I will attempt a meaningful determination of the BW Cepheid distance to the LMC based on Galactic calibration and to the relevant Cepheid host galaxy NGC 4258 (Newman et al. 2001; Macri et al. 2006 ) whose high-weight geometric water maser distance modulus is believed to have few potential sources of unaccounted systematic error. Achieving this goal will require the resolution of several outstanding problems with the Galactic and extragalactic distance scales, including the refinement of our understanding of systematic effects of metal abundance on the Cepheid PL relations. This paper is organized as follows. I summarize in Section 2 the BW precepts already adopted in previous papers to determine Cepheid distances by the near-IR SB technique. The implementation of this technique at optical wavelengths and the calibration of the Galactic distance scale are set out in Section 3. Section 4 includes the determination of the distance to the LMC and Small Magellanic Cloud (SMC) of poorer metallicity. Finally, in Section 5 I widely discuss the systematic errors that probably affected previous distance determinations of the LMC and several galaxies in the HST programmes including the relevant NGC 4258.
D I S TA N C E S TO C E P H E I D VA R I A B L E S TA R S B Y T H E B W M E T H O D
The geometric BW method (Baade 1926; Wesselink 1946 ) derives the distance d to a star by comparing the angular diameter to the linear radius R of the star, and then solving for the fundamental BW equation 5 log d = 5 log R − 5 log + 4.841,
where R is measured in unit of R , in mas and d in pc. For a Cepheid variable star, the BW equation takes the form 5 log d(t) = 5 log[R + r(t)] − 5 log[ + φ(t)] + 4.841,
where R, r(t) are the mean linear size and displacement from the mean, respectively, whereas , φ(t) are the corresponding apparent angular quantities measured along the pulsation cycle. Provided that the linear and angular diameters as a function of the instant t agree between each other in form and phase, the parameter d(t) becomes an invariant along the cycle, yielding the true distance d to the pulsating Cepheid. Several implementations of the BW method have appeared in the literature over the years. In the original approach, Barnes & Evans (1976) aimed at deriving simultaneous pair of solutions (R, d) . They combined radial velocity measurements from spectroscopic techniques with optical SB data using the colour (V − R) as brightness indicator to estimate the angular diameter along the Cepheid pulsation cycle. Later, it has been recognized that more accurate Cepheid angular diameters, and then BW distances, might be obtained by adopting the colour (V − K) as suitable brightness indicator (Di Benedetto 1994; Welch 1994; Gieren, Fouqué & Gómez 1998) , since an accurate absolute calibration of the near-IR SB scale was originally obtained by Di Benedetto (1993) , using precise angular diameters of non-variable stars measured by long baseline near-IR interferometry (Di Benedetto & Conti 1983) . More recently, the BW method makes use of modern interferometry to directly measure the angular diameter of a Cepheid along its pulsation cycle (Kervella et al. 2004b) , although this more fundamental approach can be presently applied only to a few of the brightest and angularly largest Galactic Cepheids.
Lacking direct measurements, the Cepheid angular diameter (t) = [ + φ(t)] must be estimated by the photometric relations
where V O (t) is the intrinsic visual magnitude, S V (t) the visual surface brightness and C O (t) the intrinsic colour along the Cepheid pulsation cycle. Of course, once a pair of solutions (R, d) is available, for example according to the Barnes & Evans (BE) technique, the BW equation (1) must be satisfied in the form
where the SB estimate should be closely consistent with the result from the photometric relation
where the average is extended over the whole cycle of the Cepheid. As is known, unbiased results from the relation (6) would be critically dependent on the potential misalignments of light curves, if optical colours are adopted as SB indicators. However, / V K = ±0.2 per cent for any phase mismatch between the V and K light curves (Paper I). A further relevant property in using the near-IR colour has been argued in several previous papers (Di Benedetto 1994 Benedetto , 1997 Paper I) . Indeed, the mean angular diameter of a Cepheid given by relation (6) can be estimated to a quite good approximation ( / V K 1 per cent) by the most useful relation
where the observational magnitudes now refer to intensity mean values over the Cepheid pulsation cycle. Equation (7) shows that the values of V K can be predicted by relations (3) and (4) using photometric magnitudes substituted by the corresponding intensity mean values. It follows that the near-IR BW approach to Cepheid distances is expected to yield closely consistent results either by solving for simultaneous BE solutions (R, d) or by independently determining the mean diameters R and V K by the spectroscopic and SB techniques, respectively, and then d through equation (5). In order to check for close consistency of Cepheid distances from the simultaneous and independent approaches, the comparison of near-IR angular diameters from equation (6) with those from equation (5) using pairs of BE solutions is of concern. Fig. 1 shows such a comparison drawing the per cent differences as a function of log P for N = 34 simultaneous pairs of near-IR BE solutions (R, d) derived by Storm et al. (2004) . In the top panel, all relevant parameters for determining the near-IR angular diameters V K by the relation (6) are exactly the same as those adopted in the BE technique, including the near-IR photometry, the SB scale and the colour excess E V −K = A V /1.10 (Laney & Stobie 1993 ) (A V is the visual absorption of the star.). I find that all the individual differences give rise to an average residual ( V K − ) = (0.16 ± 0.12) per cent with a rms scatter σ 0.67 per cent, i.e. fully consistent with the zero difference at a level much less than the 1 per cent, confirming the quite good agreement between the simultaneous and independent approaches, as expected. It becomes also of interest to check for systematic shifts induced by any variation of reddening data, since reliable mean angular diameters of Cepheids can be achievable with accuracies / V K 2.0 per cent by applying the near-IR SB technique (Paper I). For example, the bottom panel of Fig. 1 still derives the near-IR angular diameters V K as in the top panel by changing only the colour excess at the value E V −K = A V /1.132 . As a consequence of the small change E V −K = 0.026 A V , the average residual becomes ( V K − ) = (2.21 ± 0.20) per cent with a rms scatter σ 1.15 per cent, i.e. a result which differs from the zero level as significantly as about 11σ , indicating a shift of about 2 per cent in the near-IR diameter estimates. Of course, any change of reddening data is expected to leave the spectroscopic linear radius R unaffected in equation (5).
Therefore, since we are obviously interested in a large number of Cepheid distances d by indirect determinations as accurate and reliable as possible, it seems to be a better strategy, at present, to save the spectroscopic linear radii R derived by the near-IR BE technique. However, individual calibrating BW distances are likely to be better estimated according to relation (5), where a mean angular diameter, fully decoupled from the determination of the mean linear diameter, can be introduced as a free parameter either by applying the photometric relation (6) or by adopting a more fundamental value, if the target Cepheid is within the reach of an interferometric technique. Furthermore, there is room for a substantial improvement in the distance scale calibration by using the BW pulsation parallax approach (Di Benedetto 1994 , 1997 , since pulsation linear radii from the spectroscopic PR relation are proved to be much less affected by the scatter of the individual radii, probably up to the lowest dispersion resulting from the finite width of the Cepheid instability strip (Paper I). Finally, it will be shown below that the relation (1b) can be readily implemented to include photometric angular diameters using the magnitude-colour combination (V, V − I) most relevant for the extragalactic distance scale calibration.
T H E C A L I B R AT I O N O F T H E G A L AC T I C D I S TA N C E S C A L E

Angular diameters of Galactic Cepheids
Di Benedetto (1994) first suggested the application of the empirical near-IR SB scale for non-variable supergiants to determine the apparent angular diameters of Cepheid variable stars. He obtained the following relation:
where the visual SB parameter F V = 4.2207 − 0.1 S V was adopted, instead of S V , to determine stellar angular diameters. More recently (Paper I), he has also updated the calibration of the near-IR SB scale of non-variable dwarfs and giants of A, F, G, K spectral type, taking advantage of the increasing number of angular diameters available by interferometric techniques, and then was able to predict the mean angular sizes of several target Cepheids in very close agreement with their interferometric measurements. Within the narrow Cepheid colour domain 0.9 (V − K) O 2.7, the SB scale can be approximated by a linear function of the colour (see equation 10 of Paper I) given by
It is relevant that either of the scales (8) and (9) related to nonvariable stars compares remarkably well with the most recent near-IR SB scale specific for Cepheids (Kervella et al. 2004a ) In fact, the maximum deviation between these relations is |F V − F V (Ceph)| ≤ 0.0026 mag (or 1.3 per cent of difference in the predictable angular diameters), giving strong confirmation that the near-IR SB scale is largely insensitive to stellar luminosity effects. Now, according to relation (7) and to the calibration of the coefficients in the Carter magnitude system (Paper I), the near-IR SB technique can be applied to Cepheid variable stars by putting
Lacking near-IR photometry for most of Cepheids determining the HST extragalactic distances, the method of the SB technique should be implemented by using optical colours as brightness indicators, notably the colours ( V − I ) and ( B − V ) on the Cousins and the Johnson magnitudes systems, respectively. This problem can be readily solved by the following calibration procedure. I search for the mean angular diameters given by
where α and β are the coefficients related to the SB scale S V to be calibrated as a function of the optical colour C O . By adopting the accurate near-IR angular diameters V K as reference calibrators for all target Cepheids with the Hipparcos (HIPP) B, V, I, K magnitudes and reddenings E B−V (van Leeuwen et al. 2007 ; N = 249 stars), I perform differences of the form log ( C / V K ) between photometric angular sizes, and then adjust the unknown coefficients of each optical SB scale by a least-squares (LS) fit to the residuals of Fig. 2 . This implementation is performed in the log P plane because the very accurate period P is available for Cepheids in addition to the colour as SB indicator. To be consistent with previous calibrations (Di Benedetto 1997 Benedetto , 2002 and with the most recent near-IR BE realization of the BW method (Storm et al. 2004; Gieren et al. 2005 ), I will adopt the same absorption coefficients R V ,I,K = A V ,I,K /E B−V as Storm et al. and R B = (1 + R V ). The resulting optical SB scales are found to be
It is perhaps worth noting that according to the calibration the SB coefficients of each scale S V as a function of the colour C O are forced to be the same as a function of log P. By applying a LS fit to SB data (N = 249 Cepheids) in the log P plane, the common coefficients are given by the relation
with a scatter equal to σ (S V ) = 0.172 mag. The overall uncertainty affecting diameter predictions by the relation (12) is given by
where σ α , σ C , σ V , σ E are the individual errors affecting each parameter in relation (12), and The adopted calibration procedure is expected to avoid systematic errors on the photometric angular diameters predicted by the optical SB scales. However, to check for these systematics, I compare in Table 1 the SB angular sizes C predicted by using HIPP photometry with the high-precision measurements available from near-IR interferometry for N = 8 Cepheids. The last three columns determine the per cent residuals along with the formal errors. As can be seen, most of the individual residuals are consistent with the zero difference at a level less than 1σ and only those marked by an asterisk deviate by more than 3σ . Omitting these data, the unweighted mean values at the bottom of the table are found to be consistent with the zero difference to within an uncertainty as low as ∼1 per cent, proving that the SB scales (11), (13) and (14) can predict angular diameters of Cepheids in quite a good agreement with their fundamental measurements.
Very recently, large circumstellar envelopes (CSE) have been detected around Cepheids. For the Cepheid l Car, the CSE has been well resolved by using interferometric observations in the most suitable N band (Kervella et al. 2006) . A small signature of this envelope has also been observed in the near-IR K band, increasing the measurement of the corresponding limb-darkened angular diameter by only 0.6 per cent. Thus, according to Kervella et al., all the near-IR diameters of Table 1 should be corrected by a negligible amount of 0.6 per cent owing to the presence of the CSE.
Linear radii of Galactic Cepheids
Linear radii of pulsating Cepheids have been derived by BW spectroscopic techniques which combine radial velocity measurements with photometric observations in several magnitude-colour combinations. Many different versions of the BW technique have evolved. It is now well-established that the use of near-IR photometry, minimizing the effects of variations in gravity and microturbulence, yields the most reliable and accurate radii from radius displacement Kervella et al. (2004b Kervella et al. ( , 2006 . Omitted data from analysis.
curves of Cepheids. Therefore, near-IR linear radii R i of Galactic Cepheids have been determined by applying the maximumlikelihood (ML) method (Laney & Stobie 1995a ; N = 40 radii) and by the LS approach according to the BE precepts (Gieren et al. 1998; Storm et al. 2004 ; N = 34 radii). Either of these techniques assumes that SB variations can be linearly related to a broad-band colour index, e.g. according to the equation (4). However, the ML method does not require an explicit calibration of the SB coefficients because the slope β together with the linear radius is an unknown variable derived by the technique itself for each target Cepheid. Instead, the BE technique, aiming at providing, in addition, the individual BW distances d i , also demands that the coefficients α and β of the SB scale (4) be accurately calibrated in advance, and then the linear radii themselves become related to the adopted SB slope β. Each BW technique provided a well-calibrated period-radius (PR) relation of the form
useful for predicting pulsation radii R p through the Cepheid period. The ML technique adopted a constant projection factor p = 1.36 to convert radial velocities into pulsation velocities of the stellar surface, whereas the LS one used the variable factor p = (1.39 − 0.03 log P). In spite of the difference in the projection factors, the PR relations resulting from ML and LS radii are found to be in excellent agreement with each other. Radius estimates at the reference period log P = 1.0, where p = 1.36, yield z = (9.105 ± 0.035) (N = 40) and z = (9.115 ± 0.035) (N = 34), respectively. Also, a differential analysis over the sample of N = 29 Cepheids in common yields the mean value (R LS − R ML ) = (0.01 ± 1.90) per cent with a rms of 10.2 per cent. Furthermore, a linear fit to the individual differences for a check of correlation as a function of log P yields a slope of (6.50 ± 6.40) per cent and an offset in log P = 1.0 equal to −(1.29 ± 1.86) per cent. All these data are closely consistent with the zero level indicating identical data sets. Thus, all the linear radii (from N = 45 Cepheids and a total number of N = 74 independent measurements) can be combined with equal weight to derive an overall mean spectroscopic PR relation given by 5 log R p = (3.720 ± 0.080)(log P − 1) + (9.110 ± 0.025), (18) with a rms scatter σ (log R i ) = 0.043 mag corresponding to a fractional error σ (R i ) = 10.0 per cent around the ridge line. The comparison of spectroscopic with photometric angular diameters reported in Paper I has clearly proven that the level of scatter σ (R i ) is to be related to the measurements of the individual radii themselves, indicating that they are affected by an excess scatter not completely removed by the spectroscopic techniques. This scatter can be greatly reduced, probably up to the finite width of the Cepheid instability strip, by substituting the radius R i with its pulsation value R p and assigning an error R p /R p ∼ 3.2 per cent to this radius estimate.
BW distances to Galactic Cepheids
Giving now high confidence on the reliability of individual measurements from fundamental interferometric and spectroscopic techniques as well as on the photometric estimates of angular diameters by near-IR and optical SB scales, according to the results of Table 1 in good agreement with the measurements at a few per cent level, the next step is to check for the reliability of Cepheid distances achievable by the BW equation (5). It is clear that this relation can be exploited in different ways, depending on the fiducial calibrating data available, giving rise to several variants of the BW technique with empirical, semi-empirical or indirect results. Obviously, a large number of distance determinations require indirect methods which must be accurately calibrated. In this context, the pulsation parallax approach was previously implemented at near-IR wavelengths and checked against systematics (Di Benedetto 1994 , 1995 , 1997 , seeming the most promising BW realization for achieving a large number of accurate and reliable Cepheid distances. Now, the same approach can be confidently implemented too at optical wavelengths by means of the well-calibrated SB scales (13) or (14) and the spectroscopic PR relation (18). However, it requires to be checked against systematics which could bias BW results from equation (5) owing to the use of PR and SB ridge-line relations. This check can be performed by using fundamental distances now available for several Cepheids. The first check compares the indirect pulsation data with the most direct values. The recent measurement of the spectroscopic radius and interferometric angular diameter of the brightest and angularly largest classical Cepheid l Car (Kervella et al. 2004b ) provides the only available useful example for comparison at the best level of accuracy. I find that the pulsation radius R p = (170.6 ± 5.5) R from relation (18) compares remarkably well with the direct value R i = (179 ± 7) R and the pulsation distances (535 ± 20), (542 ± 27) and (527 ± 29) pc from equation (5), using the SB scales (11), (13) and (14), respectively, with the direct value d i = (560 ± 23) pc.
The second more extended check compares the BW distance moduli with the moduli μ O from parallax measurements (Benedict et al. 2007; van Leeuwen et al. 2007) . Table 2 reports the residuals BW C = (BW C − μ O ) by using standard HIPP photometry. The formal errors combine quadratically the independent errors σ π /π, R p /R p and / . Each resulting overall error is dominated by the accuracy of the parallax measurement, but not for α UMi and δ Cep. All the individual residuals are consistent with the zero difference at the one or much less than 1σ level, except the value of BW BV related to α UMi due to the wrong estimate of its photometric angular size. Also, the unweighted mean values and LS fitted parameters at the bottom of the table show close consistency with the zero level to within the formal errors, indicating that the BW distance scale is closely consistent with the fundamental one at the 0.02 mag level independently of the adopted SB scale. This notably implies that the slope s of the PR relation (18) and each colour coefficient of the SB scale (11) or (13) or (14) are well suited to represent pulsation and thermal properties of Galactic Cepheids, respectively.
The residuals BW VI for the most important magnitude-colour combination (V, V − I) are plotted in Fig. 3 , using the HIPP photometry (upper panel) and the HST photometry (lower panel). The result from the high-precision distance of the Cepheid l Car obtained by Kervella et al. (2004b) is also included in each diagram. The analysis of these residuals leads to the following conclusions.
(i) The unweighted mean BW V I = −(0.01 ± 0.03) mag from the lower panel is closely consistent with zero, indicating that the constant Z = z − α − 0.159 = (6.233 ± 0.027) mag, where z = (9.110 ± 0.025) and α = (2.718 ± 0.009) are obtained from equations (18) and (13), respectively, is almost perfect to represent fundamental data by the BW distance indicator.
(ii) The unweighted mean BW V I = −(0.03 ± 0.03) mag from the upper panel consistent with zero to within the quoted error indicates that the constant Z is well suited too for representing fundamental data y using HIPP photometry. This agreement confirms a result already obtained with the overall sample of HIPP parallaxes (Di Benedetto 2002) .
(iii) Unweighted LS fits to the residuals in the lower and upper panels yield differential slopes of (0.06 ± 0.09) and −(0.03 ± 0.11), respectively, and weighted LS fits yield (0.01 ± 0.16) and −(0.06 ± 0.16), respectively, in quite good agreement with the zero level, indicating that the overall log P coefficient of the BW distance indicator (5) does not significantly change its value by using either the HIPP or the HST photometry.
The close consistency with the zero level of all the above residuals provides now the empirical support to confidently apply the distance indicator BW VI for obtaining a large number of reliable and accurate distances of Galactic Cepheids to be used as reference calibrators. Therefore, the first most relevant application is to directly check for the accuracy of Cepheid distance moduli from the classical zero-age main sequence (ZAMS) fitting technique. Table 3 lists the moduli μ O from a recent compilation of Tammann, Sandage & Reindl (2003) , who refer to the list of Feast (1999) scaled by an updated Pleiades distance modulus at 5.61 mag. By adopting the rms scatter σ = 0.12 mag from Table 2 as fiducial level of dispersion, I could identify, in Table 3 , eight residuals at more than 3σ level. Since they have the same sign, the corresponding ZAMS distances have probably induced large systematic errors in the oldest calibrations of the Galactic distance scale. Leaving aside these outliers marked by an asterisk, the LS fit to the cleaned sample of N = 22 residuals yields a mean shift and a slope closely consistent with zero, implying that the ZAMS distance scale agrees exceedingly well with the BW V I one, and then also with the fundamental one. It is perhaps worth noting that this consistency would be still satisfied by adopting the upwards revision of the Pleiades distance modulus from 5.61 to (5.63 ± 0.02) mag ).
The second application concerns a check against systematics for the sample of N = 49 updated infrared surface brightness (IRSB) distance moduli μ O (Fouqué et al. 2007 ). The bottom panel of Fig. 4 plots the residuals BW V I = (BW V I − μ O ). The LS fit to these data yields BW V I = (0.08 ± 0.03) + (0.19 ± 0.10)(log P − 1) (with a rms of 0.20 mag), implying significant deviations from the zero level for log P > 1.0. These shifts are coming very likely from the values of μ O . In fact, the distances BW VI do not show significant deviations with respect to the fundamental values, as can be seen from Fig. 3 (see Table 2 for relevant parameters) and the top panel of Fig. 4 , where I derive BW V I = −(0.01 ± 0.03) − (0.03 ± 0.08)(log P − 1) (with a rms of 0.18 mag), indicating identical data sets.
The overall conclusion is that the sample of N = 12 fundamental calibrators (11 trigonometric parallaxes and one interferometric parallax) provides the robust empirical support to validate the reliability and accuracy of the BW distances by equation (5) which, in turn, allows us to also recover a cleaned sample of N = 22 ZAMS distance moduli to be used for calibrations of Galactic luminosity functions.
Absolute magnitudes of Galactic Cepheids
Using the calibrating distances, one can derive absolute magnitudes of Galactic Cepheids, and then calibrate the PL relations of the form adopting the sample of N = (40 + 34) ML and LS linear radii, their absolute magnitudes M X are achievable by means of the relation
where M V is obtained by the BW relation (5) with values of S V from any one of the SB scales (11), (13) or (14). Equation (8) directly comes from the more general period-luminosity-colour (PLC) relation of the form
where β is set to zero. It also provides the absolute magnitudes M V of a reddening-free Wesenheit relation W for β = A V /E C equal to the total-to-selective extinction and of a BW relation for β equal to the colour coefficient of the SB scale (11), (13) or (14). Table 4 reports the results of calibration of the coefficients (D, Z O ) derived by unweighted LS fits to the individual absolute magnitudes plotted in the log P plane. From these data, I draw the following conclusions.
(i) The LS coefficients of the PL relations in each band are obtained by adopting the independent sets of calibrating distances N = (12 + 22) (from parallaxes and ZAMS) and N = (40 + 34) (from ML and LS linear radii). The resulting LS values show a very impressive agreement between each other. By combining all the individual data with equal weights, I can also determine overall solutions (N = 108) with unprecedented accuracy.
(ii) The coefficients of the reddening-free Wesenheit relation W are determined for β = 2.45 and the colour (V − I) most relevant in extragalactic works. The LS offsets Z O at log P = 1.0 show a very impressive agreement among each other, at the 0.03 mag level, independently of the adopted set of calibrators. More importantly, the calibration of W with the slope D constrained to several values currently adopted in extragalactic works gives rise to exactly the same offset as the best Galactic slope D = − 3.605, indicating that the LS coefficient Z O at log P = 1.0 is independent of the changes of the slope D.
(iii) The BW coefficients are derived by using only the sample of N = (12 + 22) absolute distances like fundamental calibrators fully independent of BW results. All the slopes D are found to be in excellent agreement with the independent slope of the spectroscopic PR relation (18), within the quoted errors. It is reassuring that a purely photometric approach of calibration is closely reproducing the pulsation PR coefficient of Cepheids. The potentiality of such a photometric method was first argued many years ago by Fernie (1984) . This close consistency is important because measured linear radii are found to follow the same PR relation independently of the metallicity (Laney & Stobie 1995b) , confirming theoretical expectations (Stothers 1988) , whereas photometric radii by SB scales could be biased by the metallicity.
T H E C A L I B R AT I O N O F T H E E X T R AG A L AC T I C D I S TA N C E S C A L E
The data-reduction procedure
The behaviour of extragalactic Cepheids is exemplified in Fig. 5 , where distance residuals are plotted for N = 657 fundamental-mode (FU) LMC Cepheids selected from the overall sample of the OGLE survey (Udalski et al. 1999 ) by using the current technique of iterative sigma clipping. One advantage of using extragalactic Cepheids is that the interstellar reddening E B−V as well as the distance d becomes practically constant parameters, i.e. independent of individual stars, in contrast with target Cepheids within our Galaxy, where they have very different values. Individual residuals are obtained for two Wesenheit distance indicators W of Table 4 by reference to a LMC distance modulus μ O = 18.54 mag (Tammann et al. 2003) adopted ad interim. The LS fit to these residuals by adopting the Galactic slope D = −3.605 (top panel) yields a differential slope D = (0.315 ± 0.013) significantly different from the zero level and responsible for the observed period-dependent behaviour. This slope difference puts a serious problem in attempting to derive a reliable LMC distance based on the Galactic distance indicator W (Sandage et al. 2004) , if one tries to obtain this distance by averaging the individual data (average processor), as currently done. For example, the sets of Cepheids with log P < 1.0 and log P > 1.0 have average periods log P = 0.612 and 1.175, respectively, and yield mean residuals of about −(0.140 ± 0.004) and (0.049 ± 0.013), respectively, making it in principle impossible to derive from each sample a LMC distance estimate unaffected by a systematic error. In fact, each mean value W would be affected by an error given by W D (log P − 1.0) which is about zero in the bottom panel, where the well-suited slope D = − 3.255 based on the LMC distance indicator W is adopted.
Obviously, the most plausible assumption is that the metallicity of the Cepheid host galaxy be the primary parameter responsible for a LMC slope shallower than the Galactic one. Therefore, an unbiased distance to any galaxy of known metal content was currently recovered by using either the same LMC distance indicator W or both the Galactic and LMC distance indicators Sandage et al. 2006 ) along with suitable metallicity corrections. In any case, since each distance was achieved by averaging individual data from W, the final result remained dependent on the mean period log P of the sample, and then probably affected by a somewhat systematic error. Instead of using an average processor, one can apply a LS-fitting approach to the individual distances from W, since the LS procedure allows to derive results at a constant reference period independent of the period distribution of target Cepheids, and then of log P . For example, the LS residuals from the above samples obtained at log P = 1.0 are −(0.029 ± 0.003) for log P < 1.0 and (0.007 ± 0.011) for log P > 1.0, indicating much more consistency between the related LMC distance estimates. Here, the choice of the reference period P = 10 d is of relevance, since the LS offset of any distance indicator at this fiducial period is expected to be independent of the log P coefficient, according to the calibration of Table 4 . Therefore, the LS-fitting approach to any set of individual distances will be applied below to recover true distance moduli at the fiducial period P = 10 d, and then to avoid dependency of the results on the average period of the target Cepheids.
Cepheid distance to the LMC
The distance to the LMC can be obtained in several ways by applying the more general PLC luminosity function:
where β is the colour coefficient related to the thermal properties of Cepheids and (D , Z O ) are the coefficients to be calibrated by using the photometry of LMC Cepheids. Table 5 reports the calibration of these coefficients for the same values of β as for Galactic Cepheids in Table 4 . For consistency with previous calibrations, the fiducial PL relations in the optical B, V, I bands and in the near-IR K band are the same as originally derived by Udalski et al. (1999) and by Groenewegen (2000) , respectively. The near-IR luminosity function BW is obtained by a linear combination of these PL relations, lacking individual V magnitudes for the corresponding single-epoch Two-Micron All-Sky Survey (2MASS) K magnitudes, and the optical luminosity functions BW and W are derived by using the cleaned sample of N = 657 Cepheids (see Fig. 5 ) with common accurate V magnitudes and colours. Individual reddenings E B−V are converted into absorptions by assuming that the LMC Cepheids follow the same absorption law as the Galactic Cepheids. Hence, the offsets Z O at the period log P = 1.0 are determined by using linear LS fits to the individual data plotted in the log P plane, in order to achieve values independent of the adopted slope D . Therefore, I can directly compare the offsets Z O from Table 5 with the values Z O from Table 4 to derive the distance to the LMC based on the absolute calibration of the Galactic distance scale. The LMC distance estimates 
where the subscript r denotes the random error and s the systematic one coming from the Galactic calibration.
(ii) The comparison of the BW distance modulus (22) with the PL distance moduli shows that, in any case, μ O (PL) < μ O (BW). This implies that all the PL distances are systematically underestimated, including the distance μ O (PL K ). The error PL = μ O (PL) − μ O (BW) indicates that the LMC magnitudes suffer from luminosity shifts which decrease with the wavelength of the band, an effect often interpreted as a wrong assignment of reddening corrections.
(iii) The comparison of the BW distance modulus (22) with the reddening-free W distance modulus shows that μ O (W) < μ O (BW), indicating that a small error probably induced by the differential shifts of luminosity also affects the Wesenheit distance. Obviously, the BW distance is to be preferred with respect to the W distance, since the BW colour coefficient of the SB scale is closely related to the thermal properties of Cepheids. The actual distance modulus (22) of LMC agrees exceedingly well with the value μ O (LMC) = (18.54 ± 0.02) mag coming from an updated compilation of a dozen of LMC distance determinations independent of Cepheid PL relations (Tammann et al. 2003) and recently assumed as fiducial reference in the HST Type Ia supernovae program ). This remarkable agreement should be regarded as the best external check to validate the current Cepheid-based determination and to assure that potential sources of systematic error, previously unaccounted, have been very likely removed from the updated value (22).
Cepheid distance to the SMC
In order to improve our understanding of systematic effects probably induced by the metallicity on the Cepheid PL relations, I need to also derive the distance to the SMC of poorer metal content than LMC, using the high-precision photometry and reddening data available by the OGLE survey. Table 6 reports the results of calibration of the PLC luminosity functions of the form
where the coefficients (D , Z O ) are calibrated according to the same precepts already adopted for LMC Cepheids. The values of the distance to the SMC reported in the last column show now a quite close consistency among each other in all the bands, except the two distance determinations using the B band. In fact, the B magnitudes of Cepheids of very poor metallicity are expected to be brighter than their Galactic counterpart, being strongly affected by line blanketing according to model atmosphere calculations. Thereby, the resulting BW distance in the magnitude-colour combination (V, B − V) is found to be greater than the other values, owing to the luminosity shift of the B band. At the reference period log P = 1.0, the magnitude-colour combination (V, V − I) provides the BW distance μ O (SMC) = (19.053 ± 0.006 r ± 0.026 s ) mag (24) and a distance modulus of the SMC relative to the LMC equal to
This result agrees quite well with the value SMC−LMC = (0.50 ± 0.02) mag obtained by Groenewegen (2000) .
D I S C U S S I O N
The effect of metallicity on the Cepheid PL relations and distance scale
The role played by the metallicity in affecting the Cepheid PL relations has been a long-standing problem. The effect of the metallicity is currently recognized by using the one-line model fit to the FU Cepheids over the whole period range 0.4 ≤ log P ≤ 2.0. There is, indeed, clear evidence for a systematic flattening of the PL relations, moving from our Galaxy to the LMC and SMC. However, the questions regarding how chemical abundances affect the Cepheid magnitudes and how such possible metallicity dependence translates into a shift in the zero-points of the PL relations in different photometric bands have not yet received a clear answer. The main reason is probably related to several contradictory results arising in the comparison data of LMC and SMC Cepheids of quite different metal abundances. The first result comes from the different behaviour of the PL relations themselves. Table 5 shows that the LMC PL relations suffer from significant luminosity shifts given by PL = μ O (PL) − μ O (BW). Therefore, one might reasonably suspect that the metallicity be mainly responsible for these luminosity variations. However, such a conclusion would not be supported either by the PL distances to the SMC reported in Table 6 (excluding the B band), since they show close consistency with the BW distance (24), despite the fact that SMC is a galaxy of poorer metal content than the LMC, or by the results related to the B band critically sensitive to the metal- The second result comes from the different behaviour of the SB scales plotted in the log P diagram. These scales are closely related to the period-colour (PC) relations, and then to the PL relations themselves, but not to the distance of the Cepheid host galaxy. By fitting to SB data from the colour relation (13), I can derive
where Z OV I (LMC) = (4.684 ± 0.009) and σ (S V ) = 0.220 for N = 657 LMC Cepheids, and
where Z OV I (SMC) = (4.832 ± 0.011) and σ (S V ) = 0.238 for N = 453 SMC Cepheids. Hence, there is a difference as significant as Z OV I (LMC) = −(0.186 ± 0.014) between the relations (26) and (15) at log P = 1.0, whereas it is only Z OV I (SMC) = −(0.038 ± 0.016) between relations (27) and (15). If relations (26) and (27) Table 7 . Photometric parameters at log P = 1.0 for FU LMC and SMC Cepheids.
Galaxy
Parameter
14.291 ± 0.008 14.223 ± 0.008 14.321 ± 0.029 0.098 ± 0.030 Z OI 13.618 ± 0.005 13.573 ± 0.005 13.640 ± 0.021 0.067 ± 0.022 Z OVI 4.684 ± 0. Z OBV (SMC), implying that the B band of SMC Cepheids is now affected by line blanketing. Again, it seems to be hard to try to find any correlation of these deviations with the degree of metallicity of the galaxy, except for the B band. However, one relevant result from this analysis is that, if the thermal properties of Cepheids are mapped by the same Galactic (S V , V − I) relation, the resulting (S V , log P) relation remains practically the same in the SMC of poorer metallicity, but not in the LMC of intermediate metallicity, where the slope becomes significantly shallower.
The third result comes from the behaviour of the PL relations and SB scales combined according to the precepts of the SB technique represented by equation (12). Table 7 determines the LS photometric parameters Z O at log P = 1.0 relevant for this analysis. Now, the overall period range 0.4 ≤ log P ≤ 2.0 of LMC and SMC FU Cepheids is subdivided in two intervals, the short-period (FUS) and the long-period (FUL), breaking at log P = 1.0 as suggested by Tammann et al. (2002) , and the values of Z O determined for the corresponding PL relations, SB scales and photometric angular diameters. The last column lists the differences (FUL − FUS) between the values of Z O . As can be seen, the values related to the LMC FUS component show it to be significantly brighter and hotter than those related to the FUL component. Again, neither of these effects is observed by using the SMC Cepheids. However, the most important result for the success of the SB technique is that the significant brightening of the LMC FUS Cepheids in the V band is found to be fully compensated by the increased temperature, as clearly indicated by the differences (Z OV I − Z OV ) related to the component (S V − V O ), since their residuals in the last column are closely consistent with the zero level. In other words, this means that, owing to the luminosity shifts, the independent sets of FUS and FUL Cepheids yield biased values of the LMC distance at log P = 1.0 by using the PL V distance indicator. However, this bias can be completely removed by applying SB corrections to the V magnitudes, that is by using a distance indicator in the form of the BW relation (5). It could be readily shown that such a full compensation of the PL V luminosity shifts of LMC Cepheids by SB corrections is a property independent of the breaking period.
Therefore, it cannot be proven yet that the PL V luminosity shifts as well as the changes of the SB scales of LMC Cepheids depend upon the metallicity. Nevertheless, the actual empirical analysis has identified the significant systematic errors affecting the Cepheid PL V relation probably due to the metallicity and a procedure to compensate for them to avoid their propagation in Cepheid-based distance determinations. This procedure requires the use of the BW rather than the PL V (or the reddening-free W) distance indicator and a LS-fitting approach rather than an average processor to recover distance moduli independent of the period distribution of the target Cepheids.
Cepheid distance to the LMC at the period P = 10 d
The distance determinations of the LMC in the last column of Table 5 were scaled from the Galactic calibrations of Table 4 by adopting the reference period P = 10 d. One reason to give this period a preference within the overall period range of Cepheids is that the LS distance at this fiducial period is insensitive to the changes of the log P coefficient of the adopted distance indicator. Sandage et al. (2004) have investigated the significance of this reference, providing evidence that several Cepheid parameters undergo a rather abrupt change near the period P = 10 d. Now, I try to get further insights on the relevance of this period in Fig. 6 . Here, a subset of LMC Cepheids with periods in the range 0.4 ≤ log P ≤ ε is selected from the overall sample of N = 657 OGLE Cepheids. Hence, I determine the slopes D of the PL V and BW luminosity relations for each value of ε, and then plot their values as a function of ε. From these plots I draw the following conclusions.
(i) Starting from the large sample of N 600 FUS Cepheids with 0.40 ≤ log P ≤ 0.90, the slope D V undergoes a rather abrupt change for ε 1.0, where a relatively small number of FUL Cepheids (N < 57) begins to be added to the FUS sample. This change is not observed in the BW slope which remains close to the value D BW = −(3.387 ± 0.014) obtained from the overall sample in Table 5 .
(ii) The PL V slope reaches the steepest value D V = −(2.907 ± 0.049) around log P = 1.0. This value is found to be closely consistent with the Galactic slope D V = −(2.966 ± 0.071) from Table 4 .
(iii) If the small sample of N = 57 FUL Cepheids is integrated by the N = 60 Cepheids from Sandage et al. (2004) with periods in the range 1.0 < log P ≤ 2.0, the resulting PL V slope equal to D V = −(2.979 ± 0.126) remains still quite consistent with the Galactic PL V slope, provided that the Sandage et al. sample is dereddened by using the mean reddening E B−V = 0.145 from the OGLE map. Therefore, the PL V relation seems to be well represented by a universal slope up to the metallicity of the LMC, provided that the slope is recovered from independent subsets of FUS and FUL Cepheids breaking around the period log P = 1.0. However, the luminosity shifts affecting visual magnitudes of each subset (see Table 7 ) yield a non-homologous sequence (Sandage et al. 2004) which gives rise to a PL V relation in the LMC shallower than in our Galaxy over the whole period range of FU Cepheids. The SB corrections applied to the LMC visual magnitudes completely remove the shift of luminosity at log P = 1.0, making it possible to recover a reliable and accurate BW distance modulus of the LMC based on a Galactic calibration. Gieren et al. (2005) have applied the IR surface brightness (ISB) technique to determine individual BW distances to 13 LMC Cepheids spanning a period range from 3 to 42 d with an average period log P 1.0. They found an average distance modulus of (18.56 ± 0.04) mag. Although this distance agrees quite well with the modulus (10), there are serious doubts ) about the empirical corrections they applied to force the period-dependent distances into the tilt-corrected period-independent values, and then into the final average distance. Basically, they identified as the most likely culprit for the period dependency the wrong calibration of the p-factor which converts the observed radial velocities into pulsation velocities of the Cepheids. The main objection I raise against this interpretation comes from the use of the near-IR SB scale they adopted to estimate the mean angular diameters of LMC Cepheids. This scale is practically the same as the colour relation (11) very close to that originally calibrated by Di Benedetto (1993) . It was based on a robust empirical support coming from accurate angular size measurements of only Galactic stars. However, as discussed in Section 5.1, the relation (11) transforms itself into different Galactic and LMC SB scales as a function of log P represented by relations (15) and (16), respectively. Therefore, attempting to merely apply the colour relations (11) to LMC Cepheids without suitable corrections will necessary incur in period-dependent systematic errors which will affect the individual LMC distance determinations with respect to the Galactic ones.
Cepheid distance to the LMC by the IR surface brightness technique
The actual interpretation can be strongly corroborated by the ISB measurements themselves. First, their residuals with respect to the modulus of 18.56 can be represented in the log P plane by a differential slope equal to (0.27 ± 0.08), that is by a value closely consistent with the one obtained in the top panel of Fig. 5 . Secondly, the ISB distances can be reproduced, at less than 0.03 mag level, by adopting the BW distance indicator (5) with the near-IR SB scale (11) and the Gieren et al. spectroscopic linear radii R i . In such a case, the resulting near-IR BW distance to the LMC at the average period log P 1.0 of the sample is μ O = (18.45 ± 0.04) mag. However, this value is affected by two well-identified systematic sources of error. The first one is coming from the measurements of the linear radii themselves well represented by the universal PR relation (18), the residuals being 5 log (R i /R p ) = −(0.06 ± 0.04) − (0.03 ± 0.09)(log P − 1) mag. These residuals indicate an average systematic deviation of (0.06 ± 0.04) mag which leads to underestimate the LMC distance by the same amount. It can be cancelled out by using the pulsation radii R p which will provide a near-IR pulsation distance equal to μ O = (18.51 ± 0.02) more consistent with the value (22). The second one is coming from the individual reddenings E B−V adopted by Gieren et al. to deredden the photometry. These errors can be removed by using any one of the well-calibrated Wesenheit functions of Table 4 . They will provide a reddening-free distance to the LMC equal to μ O = (18.57 ± 0.02) closely consistent with the value (22). Furthermore, if the Wesenheit distance indicator is applied to the subset of N = 6 short-period Cepheids situated in the cluster NGC 1866, the resulting reddening-free distance at log P = 1.0 by adopting the Gieren et al. photometry is equal to μ O = (18.57 ± 0.01) mag, demonstrating that the cluster is located in the LMC main body in agreement with the result coming from the surrounding red clump star population (Salaris et al. 2003) .
Therefore, there is now strong evidence by using the current BW precepts that the Galactic SB scale (11) adopted to estimate the angular diameters of the LMC Cepheids be the main culprit for the period dependency of the ISB measurements. Of course, by forcing the ISB data to be period independent by a p-factor revision probably causes the slopes of the Galactic PL relations to agree exceedingly well with the ones of the LMC PL relations. This agreement is not confirmed here for Cepheids spanning the whole period range from 3 to 42 d.
Cepheid distance to the LMC and the maser host galaxy NGC 4258
The maser host galaxy NGC 4258 is playing a relevant role in attempting to establish a new Cepheid distance scale anchor galaxy independent of the LMC distance. The reason is that its high-weight geometric water maser distance modulus given by μ O (NGC 4258) = [29.29 ± 0.08 r ± 0.07 s ] (Herrnstein et al. 1999 ) is believed to have few potential sources of unaccounted systematic error. Therefore, the most recent HST Cepheid observations have been devoted to obtain an improved absolute calibration of the distance scale by measuring the Cepheid-based distance to the NGC 4258 as well as the effects of metallicity on this scale (Macri et al. 2006) . For Cepheids in the outer region of NGC 4258 with the same metallicity as LMC, the authors determined a distance modulus (relative to the LMC) of μ O = [10.88 ± 0.04 r ± 0.05 s ] mag which im- Table 8 . Cepheid distance relative to maser distance for the galaxy NGC 4258 from HST observations of FU Cepheids in the B, V, I optical bands.
Solution
Relative distance Inner field Outer field (Outer-inner) I have applied the precepts implemented in the current investigation to Cepheids in the inner field of near solar metallicity as well as to the smaller sample of Cepheids previously observed by Newman et al. (2001) . In either case, I find a very close agreement between Cepheid and maser distances to the NGC 4258 by adopting the Cepheid-based Galactic distance indicators calibrated in Table 4 . This overall conclusion can be drawn by the differential analysis of Cepheid distance with respect to the maser distance reported in Table 8 .
(i) All the solutions from 1 to 5 refer to the use of observational photometry alone. The most relevant solutions 4 and 5 provide the LS and average results, respectively, by adopting the HST Wesenheit relation with the slope D = − 3.255 . As can be seen, there is close agreement between these results in either the inner or the outer field, indicating that the HST slope is well suited to represent Cepheid distances by using either the LS value W or the average one W . However, this consistency is completely lost in the Newman et al. sample, since the HST slope does not match the observational one affected by significant photometric errors. None the less, the LS result close to zero still provides a Cepheid-based distance in excellent agreement with the maser distance.
(ii) The BW solutions from 6 to 9 are dereddened by using reddening corrections obtained from the V, I photometry itself. 
from N = 249 Cepheids in our Galaxy and
from N = 657 Cepheids in the LMC. Therefore, I have derived from each reddening scale the pair of BW solutions (6, 7) and (8, 9), respectively, and then the average solutions (6 + 7) and (8 + 9) which show close agreement between each other in either fields, indicating that the actual approach provides results practically independent of the adopted reddening scale. More importantly, the resulting relative distances are closely consistent with the zero level, within the quoted statistical errors, by using Cepheids in the inner field and in the small Newman et al. sample, but not in the outer field.
(iii) The last column shows that a differential distance of at least (0.16 ± 0.04) mag significantly greater than the zero level would arise between the outer and inner fields. Assuming this difference to be caused by the poor metallicity of the outer region of the same metal content as LMC, it would imply a downward revision of the LMC distance modulus (22) at the lower value of (18.40 ± 0.02) mag in agreement with previous results (Macri et al. 2006; van Leeuwen et al. 2007) . However, such a revision is not supported by the current analysis which also includes the BW results using the B-band photometry. In fact, by forming the differences ( BW BV − BW V I ), I find deviations as significant as (0.09 ± 0.05) or (0.22 ± 0.05) between different samples within the inner field itself of near solar metallicity. These differences cannot be ascribed to the adopted dereddening approach, since the same approach can be readily checked by using a large sample of N = 657 LMC Cepheids with accurate magnitudes, finding that the differences remain within the 0.04 mag level well below the above ones. Hence, it seems likely to suspect that the differential distance between the outer and inner fields is not the signature of a metal dependency, but rather an indication of somewhat significant systematic errors probably affecting the most critical measurement of the outer field distance by means of short-period Cepheids. In this respect, the present analysis would suggest a downward revision of this more uncertain outer field distance, rather than of the LMC distance (22). Therefore, by adopting the results of Table 8 for the inner field, I can determine at the reference period log P = 1.0 a Cepheid-based distance modulus to the NGC 4258 (relative to the maser distance) It has already been shown that the LS-fitting approach to individual Cepheid magnitudes and distances has several advantages with respect to the averaging method of reducing the data. First, it allows for an absolute Galactic calibration by the offset Z O at log P = 1.0 independent of the log P coefficient of the adopted luminosity relation or distance indicator (see Table 4 ). Secondly, it allows for a meaningful determination of the distance (22) to the LMC based on this Galactic calibration and unbiased by the period distribution of target Cepheids (see Section 4.1). Thirdly, the Cepheid-based LS distance to the galaxy NGC 4258 from the small sample of N = 15 Cepheids (Newman et al. 2001 ) is found to agree quite well with the maser distance (see Table 8 ), whereas the average distance estimates by the HST Key Project and Type Ia Supernovae Calibration teams on the Extragalactic Distance Scale Saha et al. 2006) failed to do it. This last result provides evidence that most of the updated HST distance moduli might probably suffer from period-dependent systematic errors. In fact, they were achieved by a distance indicator with the log P coefficient fixed to the value D from the LMC and by target Cepheids with periods P 16 d to minimize bias due to incompleteness. However, since the LS log P coefficient D LS of each sample can differ significantly from D owing to the poor observational photometry, a bias should be expected equal to (μ O − μ O ) = (D − D LS ) (log P − 1.0), where μ O and μ O are the average and LS distance moduli, respectively. In order to better explore the period-dependent systematic errors, comparison data for a small sample of Cepheid host galaxies are reported in Table 9 by using the same number of selected Cepheids and updated photometry as given by Saha et al. (2006) . Therefore, I have adopted the HST Wesenheit distance indicator W through which Freedman et al. (2001) determined the metallicity-corrected average distance moduli μ O,Z and then the Hubble constant. As can be seen, the residuals (μ O − μ O ) can reach a negative value as large as −0.41 mag, implying that the related average distance is significantly underestimated with respect to the LS distance. Notably, such a residual carries a relevant weight, being obtained for a distance affected by a low statistical error. There is also clear evidence from the residuals (μ O,Z − μ O ) that most of the moduli μ O,Z are underestimated with respect to the LS values μ O , yielding an unweighted average residual of (0.24 ± 0.11) mag (the value would further increase by weighting the data according to the errors on μ O .). This value would correspond to an upward revision of (12 ± 5) per cent of the extragalactic distance scale, and then to a downward revision of the Freedman et al. Hubble constant at the value H 0 = (63 ± 7) km s −1 Mpc −1 , other things being equal. This result underscores the importance of redetermining the Cepheid-based distance moduli independently of any fiducial log P coefficient of the adopted distance indicator. This coefficient was probably responsible for significant systematic errors affecting previous calibrations of the extragalactic distance scale. Of course, the robustness of the suggested downward revision of H 0 remains to be checked by using all the calibrating Cepheid host galaxies of the HST programme, being beyond the scope of the present paper.
C O N C L U S I O N S
This paper updates the cosmic distance scale calibration based on the PL relations of Cepheid variable stars and on a firm zero-point that takes into account the possible dependency on the metallicity of the Cepheid host galaxy with realistic error estimates. The high-precision photometry and reddening data available for LMC Cepheids (Udalski et al. 1999 ) together with a LS-fitting approach to recover distance moduli from any sample of target Cepheids, getting new insight on the behaviour of the PL/PC relations, and then on the BW distances by SB scales, have led us to assess systematic errors on the Cepheid-based distance scale probably due to the metallicity.
The absolute calibration of the BW distance scale rests now on fundamental HIPP and HST parallaxes of classical Cepheids as well as on their distances in open clusters (Pleiades distance modulus at 5.61 mag). This absolute calibration provides a robust empirical support to the Cepheid-based BW distances of the LMC and NGC 4258 with their values closely consistent, at a level better than 0.02 mag, with the average distance from several methods independent of Cepheids and with the geometric water maser distance, respectively. This close agreement provides evidence that the use of a modern BW distance indicator, which reliably accounts for pulsation and thermal properties of Cepheids by well-calibrated PR relation and SB scales, respectively, allows to closely reconcile the absolute calibration of the Galactic and extragalactic distance scales based now on a common zero-point as accurate as about 0.02 mag.
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